Abstract Although microchip electrophoresis (MCE) is intended to provide reliable quantitative data, so far there is only limited attention paid to these important aspects. This study gives a general overview of key aspects to be followed to reach high-precise determination using isotachophoresis (ITP) on the microchip with conductivity detection. From the application point of view, the procedure for the determination of acetate, a main component in the pharmaceutical preparation buserelin acetate, was developed. Our results document that run-to-run fluctuations in the sample injection volume limit the reproducibility of quantitation based on the external calibration. The use of a suitable internal standard (succinate in this study) improved the repeatability of the precision of acetate determination from six to eight times. The robustness of the procedure was studied in terms of impact of fluctuations in various experimental parameters (driving current, concentration of the leading ions, pH of the leading electrolyte and buffer impurities) on the precision of the ITP determination. The use of computer simulation programs provided means to assess the ITP experiments using well-defined theoretical models. A long-term validity of the calibration curves on two microchips and two MCE equipments was verified. This favors ITP over other microchip electrophoresis techniques, when chip-to-chip or equipment-to-equipment transfer of the analytical method is required. The recovery values in the range of 98-101 % indicate very accurate determination of acetate in buserelin acetate, which is used in the treatment of hormone-dependent tumors. This study showed that microchip ITP is suitable for reliable determination of main components in pharmaceutical preparations.
Introduction
Analysis of pharmaceutical preparations generally includes two approaches in quantitative research: determination of major constituents, i.e., active pharmaceutical ingredients and their counterions (salt forms of drugs), and impurities [1] . Determination of impurities and other minor constituents may require very sensitive analytical methods while the sensitivity is not as important as the precision and accuracy of the method when major constituents are to be determined [2] . A salt form of the drug is often used in the drug development to improve its physicochemical properties. Various inorganic and organic ions, which are present in the pharmaceuticals at relatively high concentration, can be used as pharmaceutical counterions, e.g., chloride, sulfate, or acetate for basic drugs and sodium for acidic drugs [3] . Precise quantitation of the counterions is needed to confirm production of the correct salt form and maintenance of the drug stoichiometry [4] .
Capillary electrophoresis (CE) is a powerful analytical technique used in the drug development and quality control due to its high separation efficiency and resolution, short analysis time, small sample consumption, relatively simple instrumentation and possibility for coupling to various detection techniques [5] . CE methods were applied to the determination of drug content and its physicochemical properties in pharmaceutical preparations, chiral analysis and determination of counterions and impurities [4, 6, 7] .
Microchip electrophoresis (MCE) [8] is a miniaturized form of CE which, in addition to the above-mentioned advantages, offers high-speed and high-throughput analysis. Moreover, MCE is approaching to a lab-on-a-chip concept because associated instrumentation can be miniaturized and automated [9] . In the recent years, a growing interest in the analysis of biological and pharmaceutical samples by MCE is evident [9, 10] . MCE has been successfully employed in a wide variety of applications, e.g., analysis of small inorganic and organic ions, amino acids, proteins, nucleic acids, and pharmaceuticals [10] [11] [12] [13] . Although MCE has found widespread application, only limited number of papers is focused on the experimental parameters affecting quantitative analysis [14] [15] [16] . For example, Bidulock et al. [15] investigated possible sources of run-to-run and chip-to-chip imprecision in MCE and a role of internal standards (ISTDs) in the determination of sodium in model samples. Preliminary results of the presented study dealing with precise determination of N-acetylcysteine as an active pharmaceutical ingredient in mucolytics by microchip isotachophoresis (ITP) have been already published [16] .
In this work, a methodology to obtain reliable quantitative data by microchip ITP with conductivity detection, universal detection technique for CE in general, is described. ITP is an electrophoretic technique carried out in a discontinuous buffer system [17] . Sample is introduced between leading (LE) and terminating (TE) electrolyte and during the separation ions exhibiting mobilities intermediate to those of LE and TE form discrete zones. After reaching a steady-state condition, the ITP zones are migrating with the same velocity in order of decreasing effective mobilities and no boundary broadening occurs. Based on the Kohlrausch regulating function, the concentration of each component is constant and always adjusted to a certain concentration, depending on the concentration of LE and mobility of the analyte, leading ion, and counterion [18] . In the normal (plateau) mode, ITP quantity is given by the analyte zone length, i.e., the time needed for the analyte to pass through the detector, in contrary to most of the other separation methods where peak area or height is used for quantitation [19] . In this respect, the ITP meets the requirements for precise determination of major pharmaceutical constituents [20] .
Determination of acetate, an anionic migrating counterion, in buserelin acetate was performed in this study to assess various experimental parameters affecting the precision. Buserelin, administered in the form of buserelin acetate, is one of the synthetic gonadotropin-releasing hormone agonists consisting of nine amino acids [21] . Such agonists are used in the treatment of hormone-dependent tumors, e.g., prostate, breast, and gynecological cancers [22] . Buserelin as an active pharmaceutical ingredient [23] [24] [25] [26] [27] and possible degradation products of buserelin acetate [28] were studied and characterized by CE methods. Although acetate was not yet determined in buserelin acetate, several authors were studying acetate in different pharmaceuticals by CE, e.g., DMP 754 [29] , antifungal lipopeptide [30] , bradykinin acetate [31] , and lecirelin [32] .
This study deals with factors affecting ITP quantitation on the microchip, e.g., driving current, concentration of the leading ions, pH of the LE, and impurities in the TE. Prediction of calibration slope values for acetate, using different simulation programs, was conducted and compared to experimental results, as well.
Theory
Basic relationships relevant for the quantitative analysis in the ITP can be derived from the following facts: (i) concentration adaptation of the separated constituents via Kohlrausch regulating function, i.e., concentration of a particular constituent in its ITP zone is determined by the composition of the LE; (ii) stack configuration of the separated constituents, i.e., migration in a tight configuration between the zones of leading and terminating ions; and (iii) migration of the separated constituents with identical velocities after reaching ITP steady-state (for more information, see [19] ).
Separation process in the ITP is accompanied by a volume adaptation of the analyte and other constituents present in the loaded sample. This is caused by the Kohlrausch adaptation process that controls the ITP steady-state. The ITP process adapts the concentration c X,S of the analyte X, originally present in the sample volume V S loaded on the microchip, to the concentration c X,ITP . Assuming a full recovery of the analyte is reached, the volume of the zone in which the analyte is present (V X,ITP ) is adapted by the ITP as well:
Equation (1) can be rewritten by substituting the volume of the ITP zone by the product of cross-section (S) and the zone length (l X,ITP ):
Then the length of the zone can be expressed as:
Under ITP steady-state conditions, the zones migrate with identical velocities (v ITP ). This can be expressed by:
where μ is the effective mobility of the constituent j, E is the electric field strength in its zone, i is the current density, and κ is the specific conductivity in the zone of constituent. Subscript j is a general symbol for constituent present in the ITP stack. Velocity of the ITP zone is given by:
where t X,ITP is the time needed for the zone of the analyte X to pass through the detector. A combination of the above equations gives a relation between t X,ITP and other relevant parameters:
When the product of i S is replaced with I (driving current), Eq. (6) can be written in the form:
where k is the slope of the calibration curve. Equation (7) is in fact a basic relationship for the ITP quantitation based on the zone length measurements, i.e., external calibration (ECAL). Non-zero intercept is expected when some of the parameters in Eq. (7) are not constant within the concentration range of the analyte. Following Eq. (7), the zone length of an ISTD R pass through the detector is given as:
where t R,ITP is the time needed for the zone of the ISTD to pass through the detector. The practical importance of the mentioned parameters is shown in the Electronic Supplementary Material (ESM), Fig. S1 . A combination of Eqs. (7) and (8) provides a relative time (t X * ) of the passage of the analyte zone through the detector:
An impact of fluctuations in the volume of the loaded sample (V S ) and driving current (I) on the zone length is eliminated in this way. In the runs carried out under identical separation conditions, the following parameters are constant:
Parameters ω A , ω B , and ω C can be calculated from Eqs. (10a-c), when κ, μ, and c ITP values of the analyte and the ISTD in their ITP zones are known. Equation (9) can be modified using Eqs. (10a-c) to:
For prediction of the slope of the calibration curve ω of the analyte using the ISTD method, the following relationship is valid:
Consequently, Eq. (11) can be rewritten:
Equation (13) is in fact generally valid for analyte-ISTD pair regardless the microchip and equipment used, if the separation conditions are kept constant.
Material and methods

Chemicals and reagents
Chemicals of p.a. purity used for preparation of the model samples and electrolyte solutions were obtained from Merck (Darmstadt, Germany), Sigma-Aldrich (Steinheim, Germany), Serva (Heidelberg, Germany), and Lachema (Brno, Czech Republic). Histidine (Sigma-Aldrich) was purified by crystallization and caproic acid (Lachema) was purified by liquid-liquid extraction. Methylhydroxyethylcellulose 30000 (MHEC; Serva), used as an effective suppressor of electroosmotic flow (EOF) in the separation system on the microchip [33] , was purified on a mixed-bed ion exchanger (Amberlite MB-3, Merck).
Stock solutions of acetate (prepared from sodium acetate trihydrate; Lachema), succinate (prepared from succinic acid; Merck), sulfate (Centripur®, Merck), and adipate (prepared from adipic acid; Lachema) were prepared at a 1000 mg L Water demineralized by a Pro-PS water purification system (Labconco, Kansas City, KS, USA) and subsequently deionized by Simplicity deionization unit (Millipore, Molsheim, France) was used for preparation of the electrolyte and sample solutions. Electrolyte solutions were filtered prior to use through a membrane filter with a pore size of 0.8 μm (Millipore). Composition of the electrolyte systems used in the ITP separations is given in Table S1 in the ESM. Electrolyte and sample solutions were stored at +4°C. The microchip channels were daily rinsed with a 2 % (v/v) aqueous solution of alkaline phosphate-free detergent (Extran MA 03, Merck) and with deionized water.
Instrumentation
Two identical laboratory-designed MCE equipments were used in this study. Separations were carried out on three identical poly (methylmethacrylate) microchips with coupled channels and integrated conductivity sensors (IonChip TM 3.0, Merck). A schematic arrangement and geometrical dimensions of the channels on the microchip are shown in Fig. S2 in the ESM. A single-channel configuration on the microchip was used when a driving current passed through all the channels (C3-CS-C1-C2 on ESM Fig. S2 ). The current was stabilized at 25 μA during the separation, and before the detection in the second channel (D2, ESM Fig. S2 ), it was reduced to 10 μA unless stated otherwise.
The MCE equipments consisted of electrolyte and electronic unit [34] . An electrolyte unit included peristaltic micropumps and membrane driving electrodes. Peristaltic micropumps were used to transport electrolyte and sample solutions to the microchip channels. The rollers of the peristaltic micropumps eliminated hydrodynamic flow (HDF) in the separation system by closing the inlets of the microchip channels after the preparation of the run. The outlet on the microchip (W, see ESM Fig. S2 ) was permanently opened. An electronic unit was used as a source of the stabilized driving current. The unit also controlled contact conductivity detection sensors on the microchip, drove the peristaltic micropumps in the preparatory step of analysis, and interfaced the instrument to a PC. MicroCE Win software, ver. 2.4 (Merck) was used for the automatic preparation of the run, monitoring the CE analysis, and data collection and evaluation.
Method validation
Calibration curves were constructed using working standard solutions at concentrations ranging between approx. 20 . The zone length of the constituents was measured by automated data evaluation using the first derivative of the signal. Zone lengths were plotted versus concentration and zone lengths ratio were plotted versus concentration ratio for ECAL and ISTD method, respectively. The calibration curves were evaluated based on the least square linear regression analysis.
For the calculation of migration and calibration parameters, two software based on static (IsoSep; Department of Analytical Chemistry, Faculty of Natural Sciences, Comenius University in Bratislava, Bratislava, Slovakia) and dynamic (Simul, ver. 4.0; Bob Gaš & Michal Jaroš, Prague, Czech Republic) calculation models were used.
Results and discussion
Two different methods were employed for the quantitation of acetate, which was used as a model analyte, for investigating the methodological aspects of the quantitative analysis in microchip ITP: ECAL and ISTD based on Eqs. (7) and (13), respectively. Regression equations using the ECAL method were calculated from the acetate (X) zone length, while the regression equations using succinate (R) as the ISTD were calculated from the zone length ratio acetate/succinate. The relationships valid for the quantitative analysis in the ITP (see Theory) show that a high reproducibility of the migration velocity of the analyte and other sample constituents is needed for high precision quantitation. This is the main reason why hydrodynamically closed separation system with suppressed EOF (see BMaterial and methods^) was preferred. Under these working conditions, the fluctuations in the migration velocity of the analyte is given only by the fluctuation in its electrophoretic velocity (HDF and EOF are close to 0) [34] . The ITP separations were performed in a chloride-caproate electrolyte system (ES) at a pH of approximately 6.1.
Robustness of the ITP quantitation
Fluctuations in various working and separation conditions performed on one microchip and one MCE equipment were used for the robustness study. Impact of the following fluctuations was studied: (i) driving current, (ii) concentration of the leading ion without changing the pH of the LE buffer, (iii) pH of the LE buffer, and (iv) impurities present in the TE buffer. These parameters were chosen to simulate the actual experimental conditions and errors that can occur in the ITP quantitative analysis on the microchip and originating from instability of the high-voltage source (driving current stabilized at 9, 10, and 11 μA), inaccuracy in the preparation of electrolytes (concentration of the leading ion was 9, 10, and 11 mM using ES1, ES2, and ES3, respectively (ESM Table S1 ), and pH of the LE buffer was 6.04, 6.08, and 6.12 ± 0.02 using ES1, ES4, and ES5, respectively (ESM Table S1 )), and contamination of electrolyte solutions by impurities (anionic constituents present in the TE buffer at low concentrations).
Robustness of the ITP quantitation was evaluated from the change of the parameters of the calibration curves for acetate using both the ECAL and ISTD methods. Model calibration samples contained acetate at 20-100 mg L −1 and succinate (ISTD) at 100 mg L −1 concentrations. Parameters of the calibration curves as well as their standard deviation (SD) and relative standard deviation (RSD) are shown in Table 1 . Generally, a good agreement of the parameters of the calibration curves for acetate was achieved using both methods of quantitation. However, unlike formulas in the Eqs. (7) and (13), calibration curves exhibited non-zero intercepts (<0.73 s for ECAL) that can be assigned to, e.g., the uncertainty in defining the zone boundaries (see ESM Fig. S3 ), impurities in the electrolyte solutions (see Table 2 ), or fluctuations in some of the parameters included in Eq. (7) within the concentration range of the analyte. The fluctuations in the driving current most significantly influenced the slope values, when the ECAL method was used for calculation (RSD = 8.7%), which can be attributed to the fact that the time needed for the zone of the analyte to pass through the detector is inversely affected by the current (Eq. (7)). The ISTD correction resulted in approximately 15-times lower RSD of the slope (0.6 %), because based on Eq. (9) impact of driving current is fully corrected by ISTD. Fluctuations in the concentration of the leading ion and the pH of the LE buffer did not have significant impact on the slopes of acetate (RSD = 0.9 and 0.6 %, respectively), and the ISTD method did not result in a decrease of the RSD of slopes (RSD = 0.7 and 0.9 %, respectively). This implies that, e.g., fluctuation in the pH of the LE buffer (6.08 ± 0.04) did not affect dissociation of acetate due to its pK a value (4.756; ESM Table S2 ). By comparing the RSD of the slopes of calibration curves for acetate, including all studied fluctuations of the experimental conditions for both methods of quantitation (Table 1 and ESM Fig. S4 ), it is evident that ISTD correction improved RSD values of the slope approximately six times. Even though the intercept is significantly lower in comparison to the corresponding slope when the ISTD is used, this did not result in a significant reduction of the RSD of the intercept of calibration curves for acetate. This is due to the fact that potential sources of non-zero intercept discussed above may not affect the analyte and ISTD zone lengths in the same way. Calibration data as provided by both quantitation methods under small fluctuations of various experimental conditions document significant advantages of the quantitation based on the use of the ISTD.
Impact of buffer impurities on the ITP quantitation
In order to simulate fluctuations of impurities in the electrolyte solutions, low concentrations of sulfate and adipate were added to the TE buffer (Fig. 1) . These ions were selected upon their migration characteristics (ESM Table S2 ). For example, very mobile sulfate ions have to migrate during the ITP run through the acetate and succinate zones from the channel C3 filled with the TE buffer (see ESM Fig. S2 ) to the beginning of the separation window. In this way, these impurities can adversely affect the formation of sharp zone boundaries of the analyte or ISTD, and subsequently precise ITP determination. The study on impurities present in the TE was performed independently of the other experimental fluctuations tested because this type of fluctuations could not affect equally analyte and ISTD (see Table 2 ). Therefore, the ISTD method reduced the fluctuation in the slope of acetate only two times (approximately two times lower RSD). From the given results, it is evident that high-precise ITP determination on the microchip requires the use of high-purity chemicals for the preparation of the electrolyte solutions; otherwise, results can be influenced by errors that may be only partly compensated by using the ISTD method.
Prediction of the calibration slope
For the calculation of the slope of the calibration curve ω (see Eq. (12)), two simulation programs were used operating under static (IsoSep) and dynamic (Simul) calculation model [35] . For each of the constituents of the model samples and electrolytes, the physicochemical constants (pK a value and ionic mobility) were taken from the literature [36] (ESM Table S2 ). Table 3 presents the theoretical and experimentally obtained values of the slopes of calibration curves for acetate with use of succinate as the ISTD under various experimental conditions (driving current, concentration of the leading ion, and pH of the LE buffer). Program IsoSep does not allow adjusting the driving current as an input parameter therefore the impact of this parameter on the slope of acetate was not monitored. The data summarized in Table 3 show that the best agreement of the slopes by using both calculation models was achieved for μ Succ (2) = 59.9 × 10 −9 m 2 V −1 s −1
(ionic mobility of succinate dissociated in the second step). This was the only adjusted parameter from the input data (μ Succ (2) = 60.9 × 10 −9 m 2 V −1 s
; see [36] ) because, based on the pH at which the separation was performed, it could affect the slope of acetate most significantly. The impact of this input parameter is obvious from the values of the slopes calculated for the three μ Succ (2) values. Theoretical values of the slopes of acetate corrected on the ISTD were compared with the experimentally obtained values. A very good agreement between the theoretical and the experimental values of the slopes was achieved (Table 3 ). In addition, both simulation programs gave almost identical values of the slopes without a need for correction of the input parameters (see ESM Table S2 ).
Quantitative aspects of the ITP determination of acetate
Reproducibility data for the zone length of acetate and its zone length corrected on the succinate zone length which was added to the model samples as the ISTD at 100 mg L −1 concentration were evaluated at three concentration levels of acetate (20, 60 , and 100 mg L
−1
). Model samples were analyzed during the following: (A) 1 day on one microchip and one MCE equipment, (B) 2 days on two microchips and one MCE equipment, and (C) 3 days on two microchips and two MCE equipments. The results in the Table 4 show that the RSD of the acetate zone lengths ranged from 3 to 4 % independently on the microchip or MCE equipment used. Another source of the fluctuation of the zone length, in addition to those listed in the robustness study, can be the uncertainty of defining the zone boundary of the analyte or ISTD. The role of such kind of uncertainty in defining the analyte zone boundaries is evident when comparing the length of 1 s on the isotachopherograms in ESM Fig. S3 to the SD of the acetate zone length in Table 4 .
Data in the Table 4 clearly show a tendency of higher SD with increasing of acetate zone length (higher concentration of the analyte), which indicates a crucial role of the uncertainty of filling the sample injection channel (see ESM Fig. S2 ) on the reproducibility of this parameter (almost identical RSD). This fact is also confirmed by the corrected acetate zone lengths that eliminate run-to-run fluctuations in the sample volume loaded on the microchip. The ISTD correction improved the repeatability of this quantitative parameter The concentrations of acetate and succinate (ISTD) were 20-100 and 100 mg L −1 , respectively. ITP separations were carried out in the ES1-ES5 (ESM Table S1 ) R correlation coefficient, n number of measurements Table S1 ). Channel C3 (ESM Fig. S2 ) on the microchip was filled with the TE. The concentrations of acetate and succinate (ISTD) were 20-100 and 100 mg L −1 , respectively. ITP separations were carried out in the ES1 (ESM Table S1 )
R correlation coefficient, n number of measurements approximately six to eight times. The data summarized in Table 4 also show very good possibility for chip-to-chip as well as equipment-to-equipment transfer of the analytical method.
The model calibration samples containing acetate and the ISTD were analyzed on two microchips and two equipments in the ES1 (ESM Table S1 ) independently from the ITP runs performed in the study of robustness. Three series of ITP measurements were performed to evaluate the reproducibility of the parameters of regression equations for the calibration curves of acetate. The parameters calculated by both methods of quantitation are shown in Table 5 . Regression equations for the calibration sets A, B, and C and obtained by the ECAL method were calculated from the acetate zone lengths based on Eq. (7) and those obtained by the ISTD method were calculated from zone length ratio (acetate/succinate) based on Eq. (13). Data summarized in Table 5 confirm the above statement that quantitation based on the use of the ISTD method has clear advantages (approximately two times lower RSD of the slopes) and it should be favored when high-precise results are to be attained. In addition, a good agreement of the data presented in Tables 1 and 5 indicates a long-term validity of the calibration parameters when a period of over 3 months between robustness and chip-to-chip or equipmentto-equipment reproducibility studies has elapsed.
ITP determination of acetate in buserelin acetate preparation
In total, five buserelin acetate samples prepared independently from the same preparation were analyzed: two samples with different concentrations of buserelin acetate (BAc-1, BAc-2) to calculate the content of acetate, and three samples with the addition of different concentrations of acetate (BAc-3, BAc-4, and BAc-5) to evaluate recovery data. Preliminary experiments with buserelin acetate preparation indicated that a reliable ITP quantitation of acetate can be attained when the sample loaded on the microchip contains buserelin acetate at about 1 mg mL −1 concentration. However, an uncertainty in weighing such an amount of the sample by current analytical balances is high (approximately 10 % RSD of the content of acetate using a direct preparation of the sample solution). To prevent such errors from appearing, a two-step dilution procedure was employed in the preparation of the sample solutions (see BMaterials and methods^). Isotachopherogram of buserelin acetate on the microchip in Fig. 2 shows that in the mobility interval given by the leading and terminating ions (ES1; ESM Table S1 ) no other constituents interfering with the determination of acetate appeared. Table 6 ).
The results obtained via different calibration sets (A, B, and C) document a long-term validity of the ITP calibration curves once the separation conditions are maintained. Undoubtedly, this is a very favorable fact, especially, when chip-to-chip or equipment-to-equipment transfers of the procedure are required. In fact, this is a consequence of fundamental relationships valid in the ITP quantitation based on the zone length measurements (see BTheory^). Moreover, from the preliminary study of the use of ISTD in capillary zone electrophoresis performed on the same type of microchip, we can conclude that chip-to-chip precision could be even further improved by the use of suitable ISTD. The buserelin acetate samples BAc-3, BAc-4, and BAc-5 were used in this study to assess the acetate recoveries using both methods of quantitation. The relevant recovery data calculated for the mean values of the acetate contents in the spiked and unspiked samples are summarized in Table 7 . Recovery values between 98.0 and 100.7 % indicate that a very good accuracy of the ITP determination of acetate in buserelin acetate on the present microchip can be expected.
Conclusions
This feasibility study was focused on a systematic investigation of the ITP quantitative analysis aspects on the microchip with conductivity detection. We showed that ITP on the microchip is a method suitable for the high-precise determination of acetate, main constituent, and counterion in the ITP measurements performed during (A) 1 day on one microchip and one MCE equipment; (B) 2 days on two microchips and one MCE equipment; (C) 3 days on two microchips and two MCE equipments. The concentrations of acetate and succinate (ISTD) were 20-100 and 100 mg L −1 , respectively. ITP separations were carried out in the ES1 (ESM Table S1 ) R correlation coefficient, n number of measurements Table S1 )
l length of the zone, SD standard deviation, RSD relative standard deviation, n number of measurements pharmaceutical preparation buserelin acetate. ITP separations were carried out under suppressed HDF and EOF when highly reproducible migration velocity of the separated constituents is reached. The robustness of the ITP quantitative analysis was studied in terms of impact of fluctuations in various experimental conditions, e.g., driving current, concentration of the leading ions, pH of the LE, and impurities in the electrolytes, on the precise determination of acetate. Our results document that small run-to-run fluctuations in the driving current can be considered as the main factor limiting the reproducibility of quantitation based on the ECAL method. The use of a suitable ISTD significantly improved the precision (from six to eight times lower RSD) of the determination of acetate in buserelin acetate. We found that high-purity electrolytes are needed for precise ITP determination; otherwise, results can be influenced by errors compensated only partly by using the ISTD.
The use of the ISTD method provided the calibration curves that exhibited only very small deviations also in instances when the calibration included the data obtained by various microchips and various MCE equipments. A longterm validity of the calibration curves for acetate on two microchips and two equipments verified by both ECAL and ISTD methods indicates a high quality of the microchip preparation protocol [37] and the MCE setup [34] . This is, undoubtedly, very important when chip-to-chip and/or equipment-to-equipment transfer of the analytical procedure is required. A very good agreement of the slopes of the calibration curves obtained experimentally and calculated by simulation programs (IsoSep and Simul) indicates the possibility to predict this parameter for any substance, if its physicochemical properties (pKa and ionic mobility) are known.
The recovery data in the range of 98-101 % as determined in this study allows to state that the presented method has a Table S1 ). The quantitation of acetate in buserelin acetate was performed via different calibration sets (A, B, C) shown in Table. 5 SD standard deviation, RSD relative standard deviation, RE relative error calculated as (found content − stoichiometric content) / stoichiometric content × 100% Table S1 ). L leading ion; T terminating ion The concentration of succinate (ISTD) was 100 mg L −1 . ITP separations were carried out in ES1 (ESM Table S1) predisposition to provide accurate results for acetate in buserelin acetate preparation. In summary, ITP method performed on the microchip with conductivity detection is suitable for reliable determination of main constituents in relatively simplified pharmaceutical preparations.
